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Abstract 

The pursuit of advanced biomaterials for load-bearing applications in biomedical implants has incited 

the development of polymer composites tailored for optimal mechanical properties, wear resistance, and 

biocompatibility. This research emphasises developing and characterizing polymer composites based on 

Ultra-High Molecular Weight Polyethylene (UHMWPE) reinforced with Barium Titanate (BaTiO3) 

nanoparticles. To assess the suitability of the composite for load-bearing biomedical implants, five 

distinct combinations of UHMWPE and BaTiO3 were manufactured by a compression molding process 

and tested with mechanical, surface, and tribological studies. The mechanical behaviour of the 

BaTiO3/UHMWPE composites indicates enhancements in tensile strength, flexural strength, and impact 

resistance, crucial to ensuring the mechanical integrity required in load-bearing applications. The 

surface wettability of the composites was analysed with the contact angle measurements, providing 

insight into their interaction with biological fluids. Hardness testing was employed to assess the 

resistance of the materials to deformation and wear. Tribological testing, using a pin-on-disc tribometer, 

explored friction and wear behaviour, essential for predicting their performance within the human body 

under load-bearing conditions. The composites were characterized by light microscopy, Scanning 

Electron Microscopy (SEM), and Differential Scanning Calorimetry (DSC). The study reveals the 

potential of BaTiO3/UHMWPE composites as biomedical implant materials due to their mechanical 

strength, hardness, and tribological properties. These composites are suitable for applications that 

require low wear and high structural integrity of the material. Their biocompatibility and therefore 

applicability for biomedical applications must be further evaluated. 

Keywords: UHMWPE, BaTiO3, polymer composites, biomedical implants, load-bearing, mechanical 

properties, biocompatibility, tribological performance 

1. Introduction 

Polymer matrices with incorporated nanofillers have emerged as a promising class of materials over the 

past few decades, often addressing crucial needs in biomedical engineering including structural integrity, 

controlled drug release, minimized wear, etc. due to their innate mechanical strength, biocompatibility, 

and ability to tailor functionalities. However, the introduction of novel composite materials, fabrication 

methods, and detailed insight into their interaction with biological entities have hastened the research 

[1], [2], [3]. 

On the other hand, one must take care of considerable challenges that could restrict use such as ensuring 

long-term stability, interfacial interactions, and attaining uniform dispersion of nanosized fillers while 

developing and implementing these advanced materials [4]. 

This research work intends to study the competency of polymer composites that are mainly focused on 

load-bearing implant applications. Hence, accordingly, the combination of Ultra High Molecular Weight 

Polyethylene (UHMWPE) as a matrix (acknowledged for biocompatibility and excellent wear 

resistance) and Barium Titanate (BaTiO3) as a filler (a ferroelectric ceramic with piezoelectric 
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properties) has been chosen and fabricated meticulously by compression molding [5], [6]. As a result, 

the fabricated nanocomposites are expected to modify and reflect the unified properties inherited by 

each of the materials notably, mechanical durability, biocompatibility, and stimulus-based response. The 

following text addresses the fabrication, testing, characterisation, and potential applicability of 

composites. 

2. Materials and methods 

The UHMWPE (powder grade GUR 4120) was used as a matrix, and BaTiO3 as a nanofiller. Isopropanol 

was employed as a dispersant to form colloidal formations of materials. Polymer composites of 

BaTiO3/UHMWPE were fabricated at five different weight percentages of filler from 0 to 10wt%. The 

sample formulation was carried out using an ultrasonication bath by dispersing specific amounts of 

UHMWPE and BaTiO3 in isopropanol. The resulting mixture was stirred mechanically in the second 

place, and then the mixture was dried in an oven to remove the moisture entirely. The formulated powder 

was molded in sheets using a hot compression molding process. The synthesized composites are labelled 

C1, C2, C3, C4, and C5. The level of filler in the composite increases progressively from C1 (0wt%) to 

C5 (10wt%).  

Composite characterization 

To assess the strength and adequacy of the composites for load-bearing applications, mechanical tests 

were performed. Both tensile tests and three-point flexural tests were executed on a universal testing 

machine. The Charpy impact test was undertaken at room temperature to analyse the impact strength of 

composites using an impact tester. The Vickers hardness tester rendered measurements of the hardness 

of the materials. Contact angle measurement helps to assess the ability of composites to interact with 

biological fluids and promote tissue integration. Hence, to quantify the interaction of the composite 

surface with liquid, a droplet of distilled water was released on the composite surface, and the image of 

the liquid-droplet interface was recorded by a light digital microscope. 

Tribological testing was conducted using the pin-on-disc tribometer. The tests were carried out with an 

Al2O3 counter body, a 6 mm diameter, on air and in a solution of phosphate buffered saline (PBS) to 

simulate the environment of the human body. The wear of the counter body surface and the wear track 

on the planar sample were analysed using a light digital microscope after the test. For all combinations, 

the specific wear rate (k) was calculated from the equation: 

𝑘 =  
𝑉

𝐹 𝑠
 (1) 

where V is the wear volume, F is the normal load, and s is the sliding distance. The wear volume was 

obtained by multiplying the area of the wear track cross-section, measured by the coherence scanning 

interferometer, by the circumference of the wear track. A differential scanning colorimeter was availed 

to parse the melting and crystallization temperature as well as the melting enthalpy of samples. The 

degree of crystallinity (Xc) of the nanocomposites was calculated by: 

Xc =
𝛥𝐻𝑚

(1 − 𝜔)𝛥𝐻𝑚
0 ⋅ 100% (2) 

where ΔHm is the measured heat of fusion, 𝛥𝐻𝑚
0 is the heat of fusion of 100% crystalline UHMWPE 

(291 J g−1), and w is the weight fraction of BaTiO3 in the polymer matrix. 

3. Results and discussion 

The results of the tensile test (tensile strength, yield strength, and Young’s modulus) and flexural strength 

were recorded and plotted in Figure 1. It emerged that the incorporation of BaTiO3 has influenced the 

modulus positively; however, tensile strength, yield strength, and flexural strength initially stepped up 

with the addition of filler followed by a slight diminution. Yet the values are still higher than those of 

neat UHMWPE. Composites displayed a nonlinear relation between filler concentrations and impact 

strength (Fig. 2a). Although the impact strength of C2 and C5 indicated a decline in strength in 
comparison to neat UHMWPE (C1), the C3 and C4 samples presented optimum impact resistance, 

conceivably due to better distribution and reinforcement in these formulations. Figures 2b and 2c reveal 

https://doi.org/10.26799/cp-tribology-2024


Proceedings of the Tribology 2024 International Conference 

Vienna, Austria – April 17 – 19, 2024 

DOI: https://doi.org/10.26799/cp-tribology-2024 

Page 3 of 5 

how filler concentration alters surface wettability and indentation resistance. The contact angle shifted 

to further hydrophilic as the filler reached a maximum; concurrently, Vickers hardness unveiled a slight 

rise across the similar filler range. 

During dry sliding of tribological testing, all samples' friction coefficient was stable in the range of 0.1-

0.13, except C3, where COF was somewhat lower than 0.1. The specific wear rate of all composites 

tested on air was lower than that of pure UHMWPE, especially for the C3, the wear was less than half 

that of UHMWPE. During the tests in phosphate-buffered saline, C2, C3, and C5 composites lodged a 

lower coefficient of friction falling within the range of 0.02-0.06, than the neat polymer sample. 

The DSC analysis indicates that the presence of BaTiO3 slightly influences the crystallinity of the 

composite, with the C5 composite showing the highest crystallinity among the tested samples (Fig. 2d). 

SEM micrograph of the composite film was captured to perceive the morphology coupled with the 

distribution of filler within the matrix, as shown in Fig. 3b. 

 

Fig. 1: The graphs of (a) Tensile strength, (b) Yield strength, (c) Young’s modulus, and (d) Flexural 

strength of C1, C2, C3, C4, and C5 composites. 
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Fig 2: The graphs of (a) Impact strength, (b)Contact angle, (c) Vickers Hardness, (d) Crystallinity of 

C1, C2, C3, C4, and C5 composites. 

 

Fig. 3: (a) DSC curves and (b) SEM image of the composites. 

 

4. Conclusion 

The study discloses the potential use of BaTiO3/UHMWPE nanocomposites as biomedical implant 

material. Composites showcased improvements in mechanical strength, hardness, and tribological 

properties, which were well suited for applications with reduced wear applications, accompanied by a 

hydrophilic surface appropriate for interactions with biological fluids. However, their biocompatibility 

and therefore applicability for biomedical applications need to be further evaluated. 
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Abstract 

Tribological contacts are at the heart of manifold mechanical processes. With Industry 4.0, the interest in 

information about process parameters increases consistently. Therefore, researchers strive to gain valuable 

information from as close to the process as possible. A promising approach to measure in-situ right in the 

tribological contact is electrical impedance. In the area of ball bearings, models have been developed based on 

test rig results. In this work, findings were transferred to the practical implementation in a machine tool spindle 

for the first time. First, preliminary tests were carried out on a rolling bearing test bench. On this test rig, 

interference factors and interactions could be minimized and operating parameters such as speed, axial and 

radial loads could be reproducibly set and varied. Based on these findings, tests were carried out on an 

electrically adapted sensor spindle design by Christ Industries. Although the step from the individual bearing 

to the sensor spindle has greatly increased the system complexity and thus the potential for interference, 

measured values showed good quality. Subsequently, the sensor spindle was installed and integrated into the 

whole system of a machine tool by Datron. A force measuring platform was used to measure the forces that 

occur during the chipping process. By comparing these forces with the measured impedance, it was possible to 

confirm the usability of the bearings as sensors. Axial loads, as they occur during drilling processes, are clearly 

recognizable in the impedance signal. It was possible to derive an almost linear relationship between the axial 

load and the bearing capacitance. Taking the influences of temperature and speed into account, an evaluation 

model was developed, that allows the interpretation of the measured impedance signal and the derivation of the 

axial forces acting on the spindle. 

Keywords: ball bearings, machine tool spindle, in-situ measurement, bearing impedance, condition monitoring, 

EHL-contact, lubrication film thickness 

1. Introduction 

Manufacturers of machine tools often have no insight into how their customers use the machine tools in practice, 

for example whether recommendations regarding load or operating conditions are followed. This can lead to 

challenges, especially when it comes to service and warranty claims. Although measuring systems exist to 

monitor the forces acting during operation, these are very expensive and difficult to integrate into the overall 

system. In order to address this challenge, a project was carried out to adapt the tool spindle so that the 

impedance of the spindle bearings can be measured and used as a sensor during operation. 

The electric impedance of a bearing is majorly influenced by the ball-raceway contacts. In hydrodynamic 

lubrication, e.g., the typically high-resistive lubricant acts as a dielectric, forming a capacitor which influences 

the electrical behavior. This in return can be utilized to monitor run-in [1], lubrication [2] and load [3] of a 

bearing. Therefore, impedance models are continuously improved [3–5], delivering the theoretical background 
to the measuring principle used in this work. 
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2. Materials and Methods 

In this work, the experimental test results will be qualitatively compared to calculation results retrieved by a 

model described in [3]. The necessary parameters were retrieved from the bearing’s and lubricant’s data sheet 

and completed by values from comparable bearings and oils. As the permittivity of the base oil was unknown, 

it was set to 𝜀Oil = 6,2 for a best fit with the experimental results. 

The test rig used allows radial and axial loading of a test bearing on a shaft supported by three hybrid support 

bearings. Insulated bearing seats and a slip ring allow a defined current path through the bearing. Further details 

of the test rig can be found in [3] and [4]. 

The sensor-integrated motor spindle utilizes the effect that the electrical impedance of the bearings depends on 

the mechanical load on them. In order to measure this impedance with the sensor-integrated motor spindle, the 

outer ring of the bearing must be contacted. A slip ring contact enables current or voltage to be transmitted to 

the inner ring. The existing spindle design was adapted to accommodate contact pins as well as cables and 
connectors for contacting the outer rings of the rolling bearing and the shaft. The temperature sensors required 

for impedance measurement were also integrated. The bearing seats were also insulated from the rest of the 

system to prevent interference. As the rolling elements must be conductive, it is not possible to use ceramic 

ones. Thus, steel bearings were used instead of hybrid bearings. 

3. Results and Discussion 

Fig. 1a shows calculation results of the bearing und lubricant used in the spindle. The gray box shows the 

estimate typical operating range of the bearing. It can be seen, that the sensitivity of the capacitance to the radial 

load is significantly lower than to the axial load. The reason for this can be seen in Fig. 1b, where the series 

capacitance of inner and outer contact for each rolling element is displayed in a polar plot. At pure axial load 

(load angle 𝛽 =  arctan (𝐹a 𝐹r) ⁄ = 90°) each rolling element contributes the same share to the total 

capacitance. If a radial load equal to the axial load is added (𝛽 = 45°), the rolling elements in direction of the 

radial load reach a higher capacitance. On the other hand, the opposite rolling elements are relieved, resulting 

in a lower capacitance. Therefore, the total capacitance stays almost constant in this operation range. 

 

Fig. 1: a/b) Calculation results for a 6005 spindle bearing with PAO/E grease at speed 𝑛 = 6000 rpm and 

temperature 𝑇 = 35°C. a) Total bearing capacitance in dependency of radial and axial load. The box indicates 

the typical operation range of the spindle bearing. b) Polar plot of the capacitance contributions of the 

individual rolling elements. Red: Pure axial load of 𝐹a = 800 N, blue: combined load of 𝐹r = 𝐹a = 800 N. c) 

Experimental results for the impedance at 𝑓 = 100 kHz at different axial and radial loads and constant speed 

of 𝑛 = 6000 rpm and average temperature of 𝑇 = 35°C. 

The tests on the rolling bearing test bench provided insights into the physical relationships between axial and 

radial force, temperature, speed and impedance. The impedance measurement is carried out using the impedance 

analyzer MFIA by Zurich Instruments. A sensory utilizable correlation was observed between the axial force 

acting on the bearing and the measured impedance. As the axial force increases, the absolute value of the bearing 

impedance decreases. The acting radial force, on the other hand, has no traceable and therefore no sensory 

usable influence on the bearing impedance. The theoretical explanation for these observations is, as previously 

shown, that with an axial load on the bearing, all rolling elements are loaded equally, which has a 

comprehensible influence on the impedance. A radial load, on the other hand, increases the load on the rolling 
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elements within the load zone, but at the same time relieves the rolling elements on the opposite side of the 

bearing. This can result in the influences on the overall impedance of the bearing balancing each other out. Fig. 

1c shows the course of the mean value of the bearing impedance over the axial load for different radial loads. 

During the spindle tests, controlled speed ramp-ups were carried out without applying force. The speed was 

increased from 0 to 30,000 rpm over a period of 30 seconds. The analysis of the measured data in the frequency 

range using fast Fourier transformations (FFT) allows the data to be converted into waterfall diagrams. The 

respective speeds are plotted on the y-axis. The frequencies are plotted on the x-axis, while the color coding 

indicates the respective amplitudes. Bearing-characteristic, speed-dependent phenomena can be observed. In 

particular, the rollover frequencies of the inner ring, the outer ring and the rolling elements can be seen as a 

function of the speed. Furthermore, multiple of these phenomena can be recognized as well as a modulation of 

the phenomena with the inverter frequency of the electric drive of 8 kHz. Fig. 2a shows a waterfall diagram of 

the bearing’s impedance. In Fig. 2b, the FFT at 𝑛 = 20,000 rpm is shown. 

In addition to the impedance measurement, vibration measurements were carried out using a Brüel & Kjær 

vibration measurement system. These are very similar to those of the impedance measurement and confirm 

their plausibility, cf. Fig. 2c. Unlike the vibration signal, no resonance frequencies in the form of vertical lines 

are visible in the impedance waterfall diagram. 

 
Fig. 2: Free running tests of the machine tool spindle during a run-up from 𝑛 = 0 … 30,000 rpm. a) Waterfall 

diagram of the impedance, b) FFT at 𝑛 = 20,000 rpm and c) waterfall diagram of the vibration signal. 

Finally, tests were then carried out on the entire machine tool with the spindle installed. In addition to the 

measurement systems of the spindle, the force measurement platform Dynamometer 9257B from Kistler was 

used to record forces in each spatial direction during drilling. In the machining area of the machine tool an 

aluminum cuboid was clamped onto the force measuring platform. This allowed the forces acting on the raw 

material and, in interaction with it, the forces acting on the spindle to be measured. Fig. 3a shows the bearing 

capacitance and axial load measurement over time. It can be seen that the capacitance follows the load 

measurement qualitatively. By plotting the load over the capacitance an almost linear relationship can be 

observed, Fig. 3b. The influencing variables of temperature and speed can be largely eliminated by scaling, Fig. 

3c. The remaining pitch error can be partially explained by the different temperatures of the bearing at the time 

of measurement ranging from 20.5°C to 25.5°C. 

4. Conclusion 

In this work, the practical implementation of a sensory utilized ball bearing in a machine tool spindle was 

described. Tests on the test bench were in line with calculation results. In the investigated set of operating 

parameters, the axial load had a high influence on the impedance as the radial load in this range had an 

insignificant influence. Spindle run-ups showed a good visibility of bearing frequencies without any resonances 

visible unlike the corresponding vibration measurement. Drill tests showed an almost linear relationship 

between capacitance and load. By normalizing the capacitance before the drill process, some disturbance factors 

like temperature can be eliminated to a certain degree. 
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Fig. 3: Drilling tests of the assembled machine tool a) over time, b) axial load over capacitance and c) over 

the normalized capcitance at 𝑛 = 12,000 and 30,000 rpm, diameter 3 mm, depth 15 mm, feed rate 2000 and 

4000 mm / min. 
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Abstract 

In the world of sports equipment, especially in the production of sportswear, the challenge of maintaining the 

durability of materials is becoming increasingly crucial to ensure performance and lasting quality. This 

scientific paper explores a set of materials intended for the production of football jerseys, all made of 100% 

polyester (both standard and recycled). The focus of the research is on the resistance of materials to abrasion. 
The resistance to abrasion was investigated for non-used materials, as well as for the materials that were aged. 

The aging of materials was in the form of the exposure to sunlight for 80 hours, simulating conditions during 

football games. The key phase of the research is centered on material abrasion before and after aging that is 

investigated using the AquaAbrasion tester. Through the simulation of 2500 and 5000 cycles of abrasion, the 

aim was to determine the durability of the materials and how their properties change due to use and aging. 

Related to it, additionally are observed the changes in the structure density, mass per unit area, and thickness. 

Special attention is given to recycled polyester material, exploring its sustainability and impact on quality 

compared to other materials. The results of this research provide valuable insights into the practical application 

of these materials in the production of sportswear and potential steps toward improving their durability and 

sustainability. 

Keywords: abrasion, durability, yarn, sportswear, football, recycled, polyester, aging, sustainability 

1. Introduction  

In the world of the production of sportswear, the challenge of maintaining the durability of materials is 

becoming increasingly crucial in order to ensure optimal performance during use and lasting quality. The 

creation of fibers and yarns for the manufacture of upscale sportswear has advanced significantly in recent 

years, as has the ongoing exploration of novel ideas in the field of sportswear design. Comfort is unquestionably 

a key component of sportswear. One of the key factors in determining a garment's quality is its level of comfort. 

Ensuring sportsmen to have optimal comfort when donning gear is crucial, especially during actual competition. 

In order for water vapor to diffuse through the pores and into the surroundings when the body is moving, the 

textile used to make the clothing needs to have a high porosity. To maintain the best possible thermoregulation 

of the human body, sportswear also needs to have excellent ventilation, a high degree of moisture permeability, 

and thermal insulation in cold weather [1, 2]. Textile materials deteriorate with time and continuous use due to 

several factors, including material abrasion from contact with different surfaces and media. Rubbing fibers 

against one another or against a different material causes abrasion. The ability of a material to withstand surface 

abrasion brought on by frictional contact with another material is known as abrasion resistance. Poor abrasion 

resistance causes fibers to degrade and wear out more quickly. Abrasion shows signs of wear on the material 

[3, 4]. Many researchers have investigated how abrasion affects materials. These investigations have looked 
into the abrasion resistance of woven fabric [5], the effect of abrasion on synthetic textiles on the development 

of microplastic fibers [6], and the relationship between material aging and the abrasion resistance of knitted 

fabrics that have elastane added [7]. 

This scientific paper explores a set of materials intended for the production of football jerseys, all made of 100% 

polyester (both standard and recycled). The focus of the research is on the resistance of materials to abrasion. 
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2. Experiment 

2.1. Materials 

For the investigation presented in this paper, a set of materials intended for the production of football sportswear 

is used. All the materials are made of 100% polyester, either standard or recycled. As can be seen from the 

Table 1, besides the type of polyester used, the materials differ in mass per unit area. 

Table 1 Overview of polymeric materials  

Nr. Polymeric material ID Polymer type Mass per unit area, g/m2 

1. KM1 recycled  130 

2. KM2 standard 155 

3. KM3 standard 151 

4. KM4 standard 145 

2.2. Materials aging 

To simulate material aging, polymeric materials were exposed to defined outdoor conditions and care 
procedures that correspond to the conditions to which the sportswear of a professional football player is 

exposed. More specifically, the materials were exposed to direct sunlight, sweating with an artificial sweat 

solution sprayed onto the material surface and a standard washing procedure. The materials were exposed to 

direct sunlight in the morning (from 8:00 to 12:00) at an average air temperature of 25±2 °C, an average relative 

humidity of 66±5 % and an average wind speed of 4±2 m/s. The exposure lasted a total of 80 hours. 

2.3. Testing Method 

The AquAbrasion – Wet and Dry Abrasion Tester from James Heal, UK, is used to measure the abrasion of 

polymer materials (Fig. 1). The AquAbrasion is based on the Martindale device, but also uses a controlled pump 

system to inject liquid into the fabric samples to keep them wet for the duration of the test. The abrasion test 

was carried out according to the procedure described in the international standard ISO 12947-3:1998 [8]. 

Samples of polymeric materials (both non-aged and aged) were cut to a diameter of 38 ± 5 mm and prepared 

for the test. The standard wool fabric was used for the abrasion test. The round sample is clamped in the sample 

holder and subjected to a specific load, rubbing against the abrasion medium in a translatory motion according 

to the Lissajous figure. A standard pressure of 9 kPa was used. The method of mass loss of the test specimens 

was used to estimate the abrasion resistance of the polymeric materials. According to the method, each sample 

was weighed before the test and after a certain number of test cycles. For this experiment, the following number 

of abrasion cycles were defined: 2500 and 5000 cycles. The mass of the samples was determined using a KERN 

ALJ- 220 analytical balance with an accuracy of +/- 0.001 g. 

 
Fig. 1: The AquAbrasion – Wet and Dry Abrasion Tester 

3. Results and Discussion  

The abrasion results of the non-aged materials are shown in Figure 2. The materials were subjected to abrasion 

in 2500 and 5000 cycles. Sample KM1 made of recycled polyester, showed the lowest mass of all tested 

samples. The graph clearly shows that after 2500 abrasion cycles there is a slight increase in mass for all tested 

materials. This can be attributed to the infiltration of fine fibers into the material structure. These fibrous 

elements penetrated the material from the wool backing on the abrasion device, on which the samples were 

placed. This process can result in a temporary increase in the mass of the material. After 5000 abrasion cycles, 

the materials were exposed to an air flow to remove additional fibers from the material structure. This procedure 

has a potentially effective role in restoring the original structure of the material and removing the elements that 

contributed to the increase in mass after 2500 cycles. This process resulted in a significant reduction in mass 
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for all materials tested. Mass decrease after 5000 cycles for material KM1 is 1.80%, for KM2 0.92%, for KM3 

1.35%, and for KM4 1.55%. 

 

Fig. 2: Graphical presentation of measured masses after a different number of cycles for non-aged materials 

Figure 3 gives an insight into the changes of mass of the aged materials after 2500 and 5000 abrasion cycles. 

As with the non-aged materials, the materials were blown after 5000 abrasion cycles to remove additional fibers 

that had penetrated the knit structure during abrasion on the wool backing. It is noticeable that the initial mass 

of materials KM1 and KM2 prior to abrasion is greater for aged materials compared to non-aged ones. This 

increase in mass can be related to the aging of the materials. Aging, particularly the 80-hour exposure to 

sunlight, may have led to changes in the structure of the material, including the possible absorption of moisture 

or other substances, resulting in increased mass. In comparison, the KM3 and KM4 materials, which are both 

made of standard polyester, have a slightly lower mass after aging. This phenomenon may be due to the specific 

properties of the materials and their reaction to aging. Analyzing the graph, after 2500 abrasion cycles, the mass 

of materials KM1, KM2 and KM4 decreases slightly, while the mass of KM3 increases slightly. This pattern 

could be related to the material's response to aging, where the structural changes caused by sun exposure may 

have influenced the mass. After 5000 cycles of abrasion and blowing of the material, a reduction in mass is 

observed in all samples tested. The percentage of mass reduction is higher in aged samples than in non-aged 

samples, indicating that aging may accelerate the process of mass loss. In this order, mass decreased by 3.08% 

for KM1, 2.20% for KM2, 1.61% for KM3 and 2.22% for KM4. This observed difference in percentage mass 

reduction indicates that aging of the materials can significantly affect their wearability and lead to greater mass 

loss after a certain number of abrasion cycles. The different results obtained after abrasion of the aged materials, 

particularly the visible increase in mass in some samples, indicate the possibility of uneven aging of the 

materials. The more pronounced reduction in mass observed in recycled material (KM1) after 5000 abrasion 

cycles compared to conventional materials (KM2, KM3, KM4) can be attributed to the unique properties and 

structural characteristics of recycled polyester. 

 

Fig. 3: Graphical presentation of measured masses after a different number of cycles for aged materials 

Recycled materials often have different microstructures, potentially making them more susceptible to abrasion. 

This decrease in mass of recycled polyester can have a significant impact on sports materials. The increased 
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susceptibility to wear and tear can lead to a shorter lifespan of sports materials, which is a crucial factor in 

material selection in the sports industry. 

4. Conclusion 

The results of this study show that the abrasion resistance of polyester sportswear materials is influenced by 

several factors, including the type of polyester and aging. In particular, exposure to sunlight was found to 

significantly affect the mass and abrasion resistance of the materials. Despite their sustainability benefits, 

recycled polyester materials exhibited higher susceptibility to abrasion compared to conventional materials. 

This result underlines the importance of considering both durability and sustainability when selecting materials 

for sportswear production. Overall, the study provides valuable insights into improving the durability and 

sustainability of sportswear materials, contributing to improved performance and quality in the sports industry. 
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